Cancer-testis (CT) antigens are expressed in a variety of malignant tumors, but in normal adult tissue, they are only expressed in testicular germ cells. Owing to this tumor-associated expression pattern, these antigens are of major interest as potential targets for immunotherapy and possibly for diagnostic purposes. This study was performed to analyze the expression of four CT antigens, NY-ESO-1, MAGE-A3, MAGE-A4, and CT7/MAGE-C1, in endometrial carcinoma using immunohistochemistry, and to correlate expression with histologic subtypes, grade, and expression of WT1 and p53. Formalin-fixed paraffin-embedded tissues of 130 endometrial carcinomas of the following types and grades were analyzed using a tissue microarray: 85 endometrioid carcinomas (FIGO grade 1, 39; grade 2, 11; and grade 3, 35), 18 papillary serous carcinomas, 12 clear cell carcinomas, 13 malignant mixed mullerian tumors, one mucinous adenocarcinoma, and one undifferentiated carcinoma. The following anti-CT monoclonal antibodies/antigens were studied by immunohistochemistry: monoclonal antibody ES121/NY-ESO-1, monoclonal antibody M3H67/MAGE-A3, monoclonal antibody 57B/ MAGE-A4, and monoclonal antibody CT7-33/CT7. The CT expression data were compared to WT1 and p53 protein expression as analyzed in a previous study. Positive staining with anti-CT monoclonal antibodies was graded as follows: focal, o5% positive cells; 1 þ , 5-25% cells; 2 þ , 26-50% cells; 3 þ , 51-75%; and 4 þ , 475% cells. The 3 þ and 4 þ staining patterns were considered homogeneous patterns of potential clinical significance and were scored positive for statistical analysis. In low-grade tumors, the most immunoreactivity was seen with mAb M3H67 but little labeling was observed with the other monoclonal antibodies. In high-grade tumors, monoclonal antibodies M3H67 (25%), 57B (23%), and CT7-33 (20%) showed the highest reactivity, while ES121 showed the lowest immunoreactivity (6%). The staining pattern was mostly heterogeneous. Statistical significance was found solely for the correlation of monoclonal antibody 57B staining and p53 expression. No correlation was found for any anti-CT monoclonal antibody staining and clinical stage or for anti-CT staining and WT1 expression. CT antigens CT7, MAGE-A3 and MAGE-A4, but not NY-ESO-1, are expressed in high-grade endometrial carcinomas, and expression of MAGE-A4 is correlated with the presence of overexpressed p53.
Cancer-testis (CT) antigens are expressed in a variety of malignant tumors, but in normal adult tissue, they are only expressed in testicular germ cells. They are occasionally found in placental tissue as well. 1 CT antigens have therefore become a major focus as potential targets for immunotherapy and possibly for diagnosis. CT antigens have been isolated by techniques using their ability to elicit autologous cellular and humoral immune responses in cancer patients. [2] [3] [4] To date, more than 30 genes and gene families, such as MAGE, BAGE, GAGE, NY-ESO-1, and CT7 have been isolated. 5 While the first CT antigens, MAGE, BAGE, and GAGE, were identified by autologous T-cell epitope cloning, [6] [7] [8] [9] others were isolated by the SEREX (serological analysis of recombinant tumor cDNA expression libraries with autologous serum) method 10, 11 or by representational difference analysis. 12, 13 MAGE expression has been found in a wide array of neoplastic lesions and is most prevalent in malignant melanomas, several types of carcinomas, and certain sarcomas.
14-20 NY-ESO-1 21, 22 has been isolated in esophageal carcinoma but has also been found in several other malignancies, such as melanoma; neuroblastoma; carcinoma of the ovary, breast, and lung; and in synovial sarcoma. [23] [24] [25] [26] [27] [28] [29] The CT7 antigen was identified by the SEREX approach using a melanoma cell line SK-MEL37 and allogeneic sera from a melanoma patient. 30 CT7 is identical to MAGE-C1, identified independently by another group using representational difference analysis. 13 Since earlier studies were mainly based on RT-PCR analyses, our group and others generated monoclonal antibodies (mAbs) to several CT antigens in order to investigate their expression pattern on a protein level. Although several tumor types have been analyzed for CT antigen expression, little is known about CT antigen expression in endometrial carcinomas; only one previous study has addressed this issue. 31 Several studies have demonstrated the importance of p53 as a prognostic marker in endometrial carcinoma. [32] [33] [34] The Wilms' tumor gene (WT1) shows a peculiar expression pattern in normal endometrium. 35 The WT1 protein expression in endometrial carcinomas and its potential correlation with the expression of other proteins has not been analyzed. We previously analyzed the expression of WT1 and p53 36 in a panel of endometrial carcinomas on a protein level. In the current study, this panel of endometrial carcinomas was used to analyze the expression of four CT antigens by immunohistochemistry employing tissue microarray technology and previously generated mAb ES121 to NY-ESO-1, mAb 57B to MAGE-A4, mAb M3H67 to MAGE-A3, and mAb CT7-33 to CT7. 15, 16, 23, 37 We also correlated CT antigen expression with clinical stage, histologic subtype, tumor grade, and expression of WT1 and p53, as previously studied. 36 
Materials and methods

Case Selection
Formalin-fixed paraffin-embedded tissues of 130 endometrial carcinoma cases were obtained from the archives of the Department of Pathology, Memorial Sloan-Kettering Cancer Center. These consisted of 85 endometrioid adenocarcinomas, 18 papillary serous carcinomas, 12 clear cell carcinomas, 13 malignant mixed mullerian tumors, one mucinous adenocarcinoma, and one undifferentiated carcinoma. The 85 endometrioid adenocarcinomas were graded according to the International Federation of Gynecology and Obstetrics (FIGO) classification system as follows: grade 1, 39; grade 2, 11; and grade 3, 35. For the purposes of simplifying presentation of the data, we considered grade 1 and 2 endometrioid adenocarcinomas (including the mucinous adenocarcinoma) as low-grade and grade 3 endometrioid adenocarcinomas, papillary serous carcinomas, clear cell carcinomas, and malignant mixed mullerian tumors as high grade. Five cases of clear cell carcinoma and seven papillary serous carcinomas showed areas of endometrioid or mucinous differentiation, each forming less than 10% of the tumor. One case of malignant mixed mullerian tumor displayed grade 3 endometrioid adenocarcinoma areas, and one had a focal rhabomyosarcomatous component. The other malignant mixed mullerian tumors contained high-grade epithelial (primarily serous) and sarcomatous components. Slides from all cases were reviewed and representative blocks chosen for tissue microarray assembly.
Immunohistochemistry
The mAbs used in this study have been described before and are listed in Table 1 . 16, 21, 23, 30, [37] [38] [39] Commercially available antibodies to WT1 (Santa Cruz; Santa Cruz, CA, USA) and p53 (Clone D07 (DAKO; Carpinteria, CA, USA)) were used. A heat-based antigen-retrieval method was used for all antibodies (vegetable steamer (Black and Decker; Denver, CO, USA); 901C, 30 min). A biotinylated horse antimouse secondary antibody (1:200; Vector (Burlingame, CA, USA)) was used to detect primary antibody, followed by an avidin-biotin system (ABC-elite kit, Vector). 3,3 0 -Diaminobenzidine tetrahydrochloride (Biogenex; San Ramon, CA, USA) served as chromogen. Endogenous peroxidase was suppressed by 1% H 2 O 2 for 20 min. The extent of tumor staining was estimated on the basis of numbers of tumor cells stained and graded as follows: Focal, approximately o5%; þ , 5-25%; þþ , 26-50%; þ þ þ , 51-75%; and þ þ þ þ , 475%. Staining in o50% of the tumor ( þ to þ þ ) was considered heterogeneous staining. Testis with preserved spermatogenesis was used as a positive control for all antibodies.
Tumor Microarray
Core-needle biopsies of paraffin-embedded tissue were obtained and then re-embedded in an array master block using techniques originally developed by Kononen et al 40 and then modified by Hedvat et al. 41 A Beecher Instruments (Sun Prairie, WI, USA) arraying device to produce sample circular spots (0.6 mm diameter) was used to assemble the arrays. At least two representative areas and companion tissue specimens were included from each case on the tissue microarray block. Also included were tissue samples from normal liver, kidney, and proliferative endometrium, as normal controls. The tissue microarray block was then used to perform immunohistochemical analysis. Three pathologists (DAC, RAS, AAJ) evaluated the immunohistochemistry slides independently, without knowledge of clinical or histologic data.
Statistical Analysis
Correlation between antigen expression was performed using the w 2 -test of significance. Correlation between clinical stage and antigen expression and between pathologic types and antigen expression were also performed using the same statistical test. Two-tailed P-values of 0.05 or less were considered statistically significant. All statistical analyses were performed using the SAS Software (SAS Institute Inc.; Cary, NC, USA).
Results
The result of the immunohistochemical analysis of the 130 cases of endometrial cancer is listed in Tables 2-7 . No staining was observed in any normal tissue present in our arrays (kidney, liver, and nonneoplastic uterus). Taken together, there was little immunoreactivity with our anti-CT mAbs in lowgrade endometrial carcinomas. This group consisted of 50 cases of endometrioid adenocarcinomas (grade 1, 39; grade 2, 11) and one case of mucinous adenocarcinoma. Among these low-grade cases, highest expression was seen with mAb M3H67 (Figure 1) . Surprisingly, in low-grade tumors, staining was seen almost exclusively in grade 1 cases, while grade 2 tumors were negative in all except 1 of 11 CT7-33-positive cases. In high-grade endometrial carcinomas, more substantial immunoreactivity was observed for all anti-CT mAbs, except for ES121 (Figure 2 ). This held true regardless of whether grade 3 endometrioid adenocarcinomas were analyzed separately or in combination with the other high-grade endometrial carcinomas. The highest expression among high-grade endometrial carcinomas was seen with mAb M3H67 (25%), while mAb ES121 showed the lowest immunoreactivity (6%). The incidence of immunostaining with mAb 57B (23%) and mAb CT7-33 (20%) was similar. The immunoreactivity pattern was almost exclusively heterogeneous for all mAbs. However, homogeneous staining (ie, staining in more than 50% of the tumor) was seen with ES121 in a single case of grade 3 endometrioid adenocarcinoma FIGO 3 and in several cases of papillary serous carcinoma and 
WT1 and p53 Expression
High-grade tumors expressed WT1 significantly more frequently than low-grade tumors (79% of all positive cases were high-grade; P ¼ 0.0027). Within the high-grade tumors, malignant mixed mullerian tumor expressed WT1 significantly more frequently than all other histologic subtypes (54% of all positive cases were malignant mixed mullerian tumors; P ¼ 0.0353). Overall expression of WT1 was 26% (Table 2) . High-grade tumors tended to express p53, while low-grade tumors were generally negative (96% of all positive cases were high grade; Po0.001). Malignant mixed mullerian tumors expressed p53 to a greater degree than all other histologic subtypes combined (62% of all positive cases were malignant mixed mullerian tumors; P ¼ 0.0004). Overall expression was seen in 21% cases (Table 2) .
p53-positive tumors were most likely to coexpress MAGE-A4 (P ¼ 0.0015), but an association between WT1 and particular CT antigens was not found.
Discussion
CT antigens are attractive targets for immunotherapy because of their highly restricted expression in normal tissue and broad expression in a wide range of different tumor types. The present study employs mAbs, which were previously generated by our group and others such as M3H67 to MAGE-A3 (manuscript in preparation), 57B to MAGE-A4, 16 CT7-33 to CT7, 37 and ES121 to NY-ESO-1. 23 This CTantigen panel has not been previously analyzed in endometrial cancer. However, a cautionary note regarding the fine specificity of these serological reagents, which is best exemplified by mAb 57B, should be made. Although 57B was generated as an anti-MAGE-A3 mAb, 16, 19 it was later regarded as a poly-MAGE reagent 15, 38 and is now considered reactive with MAGE-A4. 39 The problems in defining the specificity of these mAbs may be most likely due to the high degree of homology between several of the CT antigens. However, no immunoreactivity outside the CT antigen spectrum has been reported for the mAbs employed in the current study. Nevertheless, their specificity should be regarded with some reservation.
In the present study of endometrial carcinomas, the most prevalent immunoreactivity was found with mAbs M3H67, 57B, and CT7-33, reflecting the expression of MAGE-A3, and MAGE-A4 and CT7, respectively, while NY-ESO-1 expression, as indicated by mAb ES121, was rather low. This expression pattern (ie, common expression of antigens in the MAGE family and low expression of NY-ESO-1) has been found in metastatic melanomas and in carcinomas of the head and neck, breast, and lung in previous studies at the protein level. 15, 23, 37, 42, 43 There is debate regarding the association of CT antigen expression on a protein level and tumor grade. A relationship between MAGE expression and tumor grade has been shown in transitional cell carcinomas of the urinary bladder 44 and in certain types of brain tumors. 45 In our analysis, mAb 57B and CT7-33 were statistically significantly more often immunoreactive in high-grade tumors (95% of all positive cases (P ¼ 0.001) and 89% of all positive cases (P ¼ 0.0129), respectively). mAb M3H67 was also found to be more frequently expressed in high-grade tumors (68% of positive cases) compared with low-grade endometrial carcinomas, although this was not significant (trend, P ¼ 0.0593).
With regard to histological subtypes, our analysis showed that 57B immunoreactivity was more often present in papillary serous carcinomas than in other histological subtypes. Also, we did not find any correlation between expression of individual CT antigens. A positive correlation was also found for p53 and 57B immunoreactivity (P ¼ 0.0015). No correlation was found between other CT antigens and p53 or between any CT antigen and WT1.
Interestingly, our data contrast partly with those of Resnick et al, 31 who analyzed mAb 57B and mAb D8.38 (to NY-ESO-1) in endometrial carcinomas. While they found 57B immunoreactivity in 12% of endometrioid adenocarcinomas, 63% of papillary serous carcinomas, and 91% of malignant mixed mullerian tumors, our analysis revealed 57B staining in seven (8%) of 85 endometrioid adenocarcinomas, 50% of papillary serous carcinomas, and 15% of malignant mixed mullerian tumors. Similar discrepancies were found for NY-ESO-1 expression, which was present in 19% of endometrioid adenocarcinomas, 32% of papillary serous carcinomas, and 49% of malignant mixed mullerian tumors in Resnick's analysis, while our study revealed 6, 6, and 8% in the respective tumors. However, both studies are similar as to the heterogeneous expression pattern for both antigens. While the discrepancy between Resnick's analysis for mAb 57B in endometrioid adenocarcinomas and ours appears minor, no explanation can be given for the larger discrepancies between both studies in papillary serous carcinomas and malignant mixed mullerian tumors. Previous studies 15, 23 using mAb57B and anti-NY-ESO-1 mAbs suggest that our findings in endometrial carcinomas are in line with the incidence of expression in other tumors, such as carcinomas of the lung, head and neck, and breast, and certain sarcomas. The expression in endometrial carcinomas appears to be in the mid-range for mAb 57B and on the lower end for anti-NY-ESO-1 reagents. Immunoreactivity of 91%, as observed by Resnick for mAb 57B in malignant mixed mullerian tumors, appears to be very high. Similar levels of expression have been previously found solely in synovial sarcomas for mAb 57B and ES121. 14, 46 Further analyses are necessary to resolve the discrepancies observed for immunoreactivity patterns in these studies. Interestingly, malignant mixed mullerian tumors showed strong immunoreactivity of 57B, CT7-33, and ES121 in both mesenchymal and epithelial neoplastic components. In the other endometrial carcinomas, immunoreactivity was only observed in the malignant glandular component, while the non-neoplastic stromal component was consistently negative. This staining pattern of CT antigen expression in the malignant mesenchymal component of malignant mixed mullerian tumors may be helpful in distinguishing poorly differentiated endometrioid adenocarcinomas from malignant mixed mullerian tumors when the stromal component is not overtly sarcomatous.
The biological significance of CT antigen expression in tumors is still a matter of debate. In malignant melanoma, MAGE protein expression analyzed immunohistochemically with mAb 57B has been shown to correlate only with lymphocytic infiltrates, while no correlation was found with any other prognostic parameter. 47 On an mRNA level, correlation between CT antigen expression and tumor stage has been reported in several tumors such as renal cell carcinoma, 48 bladder 49 and esophageal carcinoma, 50 and melanoma. 51 This association has not been demonstrated in others: head and neck carcinoma, 52 seminoma 18 stomach, 53 or colon. 54 In our present analysis, we did not find any correlation between tumor stage and CT antigen expression, although we documented a relationship between grade and CT antigen expression, particularly for 57B and CT7-33.
In conclusion, the present study showed a rather restricted and mostly heterogeneous pattern of expression of CT antigens in endometrial carcinomas. The highest expression was found for MAGE-A3 and A4. The rather heterogeneous staining pattern in most tumors suggests that the majority of endometrial carcinomas may not be ideal targets for vaccine-based immunotherapy using the antigens analyzed in our study.
